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Day la ban chép lai 10i giang cla giao s Michael McBride trén [6p. Ban c6 thé xem
toan bd ba giang nay bang cach dén http://www.mientayvn.com > Hoc liéu mé cap
nhat> Bai hoc Yale > Hda hitu co ndm nhat > Chuong |: Cach hoc moén héa hoc

Freshman Organic Chemistry: Lecture 1 Transcript

Professor Michael McBride: Okay. So for 150 years organic chemistry courses have
tended to acquire a daunting reputation. So you need help. | know you're very able, but
trust me, you need help. So where do you [get] the help? The PowerPoints are available
on the Web. How many of you've aready seen the PowerPoint for today, just so | have
some idea? So about a quarter of you maybe. Okay, but anyhow, so your lecture notes are
important, but you don't have to worry about getting everything down because you can
download it from the Web. And | do it on aMac, but | try my best to make it compatible
with PCs and even with the free PC Viewer for PowerPoint. So you should be able to see
it. But | don't seeit on a PC. So if anything doesn't come through, let me know so that |
can fix it. Okay then, in-class discussion is very important, and if you're redlly, really shy
and can't participate in discussion in class, then email me aquestion. Oka y?

Vang. Khdang 150 nam nay céc khéa hoc héa hiiu co ¢d xu huéng lam cho nguoi hoc
nan chi. Vi vay, ban can gilp d&. Toi biét cac ban rét gidi, nhuwng hay tin tdi, ban can gilp
dd. Vay ban nhan duoc gilp do tir dau? Céc bai giang Powerpoints co san trén mang.
Bao nhiéu ngudi trong s6 cac ban da nhin thdy nhitng bai gidng PowerPoint clia ngay
hém nay, chi dé cho tdi nhan dwgc mot so y twdng? Vang cé khoang mot phan tw céc ban.
Puoc roi, nhung du sao di nira, cac ghi chép cua ban ciing rat quan trong, nhung ban
khong phai lo 1dng va chép hét moi thi vi ban c6 thé tai no tir trén mang. Va t6i lam diéu
d6 trén Mac, nhwng tdi ¢d gang hét minh dé 1am cho no tvong thich vai cac may tinh va
tham chi v&i bo hién thi man hinh may tinh ca nhan ddi voi cac bai giang PowerPoint. Vi
vay, ban nén xem nd. Nhung t6i khdng nhin thay n6 trén may. Vi vay, néu bat ct diéu gi
khoéng nhir mong doi, hdy cho t6i biét dé toi stra nd. Buoc roi, 3, thao luan trong 16p larat
quan trong, va néu ban thuc si, thirc si nhat nhat v a khong thé tham gia thdo luan trong
I6p hoc, hay glri email dé hoi toi. Bugc chir?

There's the course website, which is our substitute for a text. It also includes the
PowerPoint, and there's the link for it, and when go there you'll see it develop. The
current website is mostly last year's course, so it'll change alittle bit as we go aong, but
fundamentally it's the same. If you want to look ahead you'll see pretty much what's
coming up. Therell be assigned problems and questions, and also there are previous
exams and answers keys. All these things are on the course website so you'll get help
there. But one thing that's really special is the course Wiki. This is the third year we've
done it and the second year in a really systematic way. So you get assigned to do, to
cover a couple frames of the PowerPoint. So those are the ones you really need to take



careful notes on, and write them up, and help other people too; that's the nature of a Wiki,

as you know. How many of you have participated in a Wiki? Well, by next week it will

be all of you. Okay, but in order to get credit for it you have to get it by the night after the
lecture. So for the lecture today you have to get it by late tomorrow night, 36 hours after

the lecture. This is so other students can use it. Okay, in the spring there'll probably be a
textbook. | haven't really decided yet. These things cost an arm and a leg. Maybe we can

find one that's used, an older edition. It doesn't make any difference except to the

publishers.

Co trang web clia moén hoc, n6 la vat thay thé cho van ban. N6 cling bao gom céac bai
giang PowerPoint, va cé link cho no, va khi dén dé ban sé thdy nd phat trién. Trang web
hién nay chu yéu la khda hoc clia nam trwdc, do dd, nd sé thay déi mot chit khi chiing ta
tién trién, nhung vé co ban ching gidng nhau. Néu ban tim hiéu thém, ban sé thay nhiéu
diéu tha vi nira. S8 c6 cac bai tap va cau hoi duoc chi dinh, vacling c6 nhitng bai thi ndm
trwdc va danh sach cac cau tra 10i. Tat cd nhitng thir nay trén trang web ctia moén hoc, do
do ban sé nhan duoc tro gilp & d6. Nhwng c6 mot diéu that sy dac biét 1a khéa hoc Wiki.
bay la nam th ba ma ching toi thwe hién nd va nam thi hai theo céch thirc thwe sy cd hé
thdng. Vi vay, ban dugc chi dinh dé lam, dé cap dén vai khung clia bai giang PowerPoint.
Vi vay, dé la nhitng thir maban phai ghi chép can than , vaviét ching lén, va gilp nguoi
khéac nita; d6 la ban chat ctia mot Wiki, nhw ban da biét. Bao nhiéu nguti trong cac ban
da tham gia vao Wiki? Vang, vao tuan tdi tat ca cac ban sé tham gia. Buoc roi, nhuwng dé
nhan dwgc s ghi nhan vé diéu dé, ban phai nhan né vao dém sau bai gidng. Vi vay, doi
vGi bai giang hdm nay ban phai nhan né vao dém mai, 36 gi0 sau cac bai giang. Diéu nay
gilp c&c sinh vién cé thé stir dung né. Duoc rdi, vao mua xuan cé € sé cd6 mot sach gido
khoa. Téi thuc sw chua quyét dinh. Nhitng thir ndy c6 gia cat ¢6. C6 |& ching ta c6 thé
tim ca da str dung roi, mot phién ban cli hon. N6 khéng c6 s khac biét nao ngoai trir
nha xudt ban.

Okay, aso there's persona help, like from me, and there's --and you can find my phone
number, email and so on, on the website. Also the two graduate student TAs who are
assigned to the course, who are Filip Kolundzic--Filip, back there--and Nathan Schley,
not Schlay, Schley. So these are graduate students in chemistry and they run these

discussion sections. Typically you have a 50-minute discussion section. But the way we
run it in this course is that on two different nights a week there are two -hour sessions.
You can come to any part of it you want to. You can go to both of them, you can go to

four hours a week if you want to, or you can go to none at al if you want to. So redly,

for the bookkeeping purposes of the department you have to sign up for a section. Sign

up for any section you want to and then come to what's useful for you. But also, the
reason you pay the big bucks to come here, is not to hear me, it's to interact with the other

students. That's areally big help. So, form study groups. And in fact you can get advice

from previous people who've taken the course. That's on the Web. Al so there's some of
them, there'salist them on the Web who would be happy to talk to you if you need it.

Puoc roi, cling ¢ sy gilp d& ca nhan, nhu tr t0i, va dé la - va ban cd thé tim so dién
thoai cla t6i, email cla t6i va van van...., trén trang web. Tuong tv hai sinh vién tét
nghiép cac trg giang nhitng ngudi dwgc chi dinh cho cac khoa hoc, Filip Kolundzic -



Filip, vira quay lai d6- va Nathan Schley, khong phai Schlay, mala Schley. Vi vay, day la
nhitng sinh vién t6t nghiép nganh hda hoc va ho quan Ii cac phan thdo luan. Théng
thwong ban c6 phan thao luan 50 phat. Nhung trong khda hoc nay chiing ta sé to chirc nd
thanh hai dém khac nhau trong m 6t tuan do6 la nhirng phan thao luan kéo dai hai gi¢. Ban
c6 thé dén bat clr mot phan nao clia nd ma ban mudn. Ban c¢é thé dén ca hai budi, ban cé
thé di dén bon gid moi tuan néu ban mudn, hodc ban c6 thé khong di dén budi nao ca néu
ban mudn. Vi vay, thuc si, vi muc dich s6 sach clia khoa, ban phai dang ky mot phan.
DPang ky béat ky phan ban muén va sau do di dén nhirng gi hiru ich cho ban. Nhung tvong
t, Iy do ban tra tién hoc phi cao dé hoc & day, khong phai |a dé nghe t6i, ma la dé twong
tac voi cac sinh vién khac. Do thyc sy [a mot sy giap d& 1on. Vi vay, hinh thanh cac
nhém hoc tap. Vatrén thuc té€ ban cé thé nhan duoc 10i khuyén tir nhitng nguoi tredc day
da hoc moén nay. Cai dé trén trang web. Cling c6 mdt s6 ngudi trong sé ho, c6 mot danh
sach clia ho trén Web nhitng ngudi sé vui vé noi chuyén véi ban néu ban can.

And we're blessed with three alumni, seniors who took this cours e as freshmen, who act
as what are called peer tutors, and they'll run a session Sunday evening, from eight to ten
p.m. is the current plan. Well announce the rooms for these things on the website and
probably by email to you aswell. So let me introduce TinaHo and Drew Klein and Justin
Kim. So they'll be abig help to you too. So there's plenty of personal help, so useiit.

Va chiing ta may man c6 ba ciu nam sinh vién, nhitng sinh vién ndm cudi d& hoc mén
nay vao nam nhat, ho déng vai tro nhu cac giasw ngang hang, va ho sé quan Ii budi thdo
luan vao téi chu nhat, tir 8-10 gi® t6i theo ké hoach hién hanh. Ching téi sé théng bao
nhitng viéc ndy cho cac phong trén trang web va co |1& bang email cho céc ban nita. Vi
vay, hay dé t6i gidi thiéu voi ban Tina HO va Drew Klein va Justin Kim. Vang, ho cling
gilp d& cho ban nita. Nhu vay, c6é rat nhiéu tro gilp ca nhan, do dé, hdy sir dung né.

These are the dates we're going to have exams. There are ten lectures and then an exam;

nine lectures, exam; nine lectures, exam. Actually, if you check, you'll find that --and also
you get 50 points for participation in the Wiki, and the total is 650 points, that's wha t
your exam is based on. Actually this doesn't cover --it's nine lectures that are covered on
the exam, but the previous Wednesday part of the lecture is going to be a guest lecturer

that's going to be here just that day. So we're putting the exam off and i t'll only cover the
previous material; not that that's a big deal. Okay, and the semester grade is biased; that

is, it's based on this, your total score here, out of 650 points. But if you're near a cutoff

and you were very good about turning in your probl em sets and so on, then we boost you
up. We don't grade problem sets but it's worthwhile to do them, and they might make a
difference.

Pay la nhirng ngay ma chiing ta sé co cac bai kiém tra. Muoi bai giang va sau dé6 mot bai
kiém tra; chin bai gidng, bai kiém tra; chin bai giang, bai kiém tra. Thuc ra, néu ban kiém
tra, ban sé thdy rang - va ban cling nhan dugc 50 diém tir viéc tham gia Wiki, vaténg s6
|a 650 diém, dé la nhitng gi ma bai thi clia ban can ctr vao. Trén thuc té diéu nay khong
bao gbm - d6 la chin bai giang duoc dé cap dén trong bai thi, nhwng phan bai giang clia
thr tv trvdc s8 do mdt giang vién thinh gidng day & day chi vao ngay do. Vi vay, ching
ta chua voi néi vé cac bai thi vano sé chi bao gébm cac tai liéu trwéc; dé khong phai la



viéc to tat. Buoc roi, vadiém hoc ky bi thién vi, cé nghia I3, né dva trén diéu nay, tong so
diém cua ban & day, trén 650 diém. Nhwng néu ban dang & gan ngudng va ban ndp céc
xap bai tap day du va v.v..., thi ching t6i s& nang ban Ién. Chlng téi khong cham diém
céc xdp bai tap nhwng can thiét dé lam chiing, va chiing co thé tao ra mot sw khac biét.

So where are we going with this? What are the goas of our Freshman Organic
Chemistry? In fact, if you click that in your PowerPoint you'll get taken to that site, but
it's right on the website, you'll see it anyhow. First is to learn the crucial facts and
vocabulary of Organic Chemistry--after al that's what we think we're here for--and to
develop atheoretical intuition about how bonding works. Thisisthe goal for, the primary
goa of the first half of the fall semester is to learn how bonding works really, and that
relates then to molecular structure; and also how bonding changes, and that of course is
reactivity. But under the line there are a lot of other things that we do in Freshman
Organic Chemistry that are arguably just as important, like make the scientific transition
from school to university. In school they try to teach you what people know. In the
University you try to develop new knowledge. So you need a different mindset for that,
and we hope this course helps you develop that. So learn from Organic Chemistry, which
isreally in my view amodel science, how to be a creative scientist.

Vang ching ta sé di dén dau véi mon nay? Cac muc tiéu clia Hoa hoc hitu co nam nhat 1a
gi? Trong thuc t€, néu ban bdm vao dé trong PowerPoint clia ban, ban sé dwgc dua dén
trang web do6, nhung nd ngay trén trang web, du sao chang nita ban sé thdy né. Dau tién
la dé tim hiéu céc dir kién quan trong va cac thuat nglr clia Hoa hoc hitu co - sau hét do la
nhi*rng gi ma ching t6i nght ching ta sé phai nghién clru ki vé no6 - va dé phat trién mot
truc giac ly thuyét vé cach thirc 1am viéc clia céc lién két. Bay la muc tiéu, muc tiéu chinh
clia ntra dau clia hoc ky mua thu la dé hoc céch céc lién két thue sy lam viéc nhu thé nao,
va diéu do lién quan dén cdu tric phan tlr; vacling la céach thirc lién két thay doi, va tat
nhién d6 1a khd nang phan ¢ng. Nhung bén canh dé cé nhiéu tht khac ma ching ta lam
trong Hoa hoc hiru co nam nhét ciing dwgc cho la quan trong, giéng nhw lam mot su
chuyén tiép khoa hoc tir phé théng dén dai hoc. O trwdng phd thong ngudi ta day ban
nhitng gi moi nguoi biét. O Pai hoc ban phai cd dé phat trién nhitng kién thirc méi. Vi
vay, ban can mét tv duy khac cho diéu do, va chang toi hy vong khoa hoc nay sé gilp
ban phat trién diéu dé. Vi vay, hoc tlr Hoa hitu co, dé thwe sw la quan diém cla t6i khoa
hoc mo hinh, céch thirc dé tré thanh mot nhakhoa hoc sang tao.

S0 here's a creative scientist by anybody's measure, Louis Pasteur. And in the 1880s he
said thisin French, but in English it says, "Knowing to be astonished by something is the
mind's first step toward discovery.” Another way of putting that is that the characteristic
comment on making a real discovery is not "Eureka", it's "Huh, that's funny.” So that's
what you really have to learn; learn enough about how chemistry works and form this
picture in your mind that when something happens that doesn't fit, you know to be
astonished so that you can discover something. That's exactly what Pasteur did, and wel'll

talk about that in the course. And even perhaps more important, to develop good taste, so

that you can distinguish sense from nonsense; there's certainly more nonsense floating
around than sense, and being able to tell the difference isimportant. The way you do it is
to develop good taste by looking at a lot of good examples and then you're aware of how



crummy the bad examples are. So we're going to try to emphasize good examples, and
have fun. So and as we go aong, if you have questions, break in. You'll do this much
more aswe go along, | know.

Vi vay, day 1a mdt nha khoa hoc sang tao bang cach do bét c thir gi, Louis Pasteur. Va
trong thap nién 1880, 6ng dy da ndi diéu nay bang tiéng Phap, nhwng trong tiéng Anh né
c6 nghia I3, "Biét ngac nhién trwdc diéu gi do la budc dau tién cla tri tué dé huwdng toi
kham pha." Mot cach khac dé dién ta diéu do 1aloi binh tiéu biéu cho viéc tao ra kham
pha thuc su khdng phai 1a "Ra roi", mala "Huh, vui that." Vi vay, doé la nhitng gi ban
thuc sw phai hoc, hoc day du vé quy luat hoat ddng clia héa hoc va hinh thanh hinh anh
nay trong tam tri ban dé khi diéu gi dé xay ra khong phu hop, ban biét ngac nhién dé ban
c6 thé kham pha ra diéu gi do. Do chinh xac la nhiing gi Pasteur dalam, va chiing ta s&
néi vé diéu do trong khoéa hoc. Va tham chi co 1& quan trong hon, dé phét trién mot vi
giac tot, dé ban co thé phan biét gira v6 nghia va cd nghia; tat nhién co nhiéu thir vo
nghta dang troi n6i dau dé hon la nhitng diéu c6 nghta, c6 thé chi ra sw khac nhau la quan
trong. Céch ban lam diéu dé l1a phét trién cam nhan t6t bang cach xem xét nhiéu vi du t6t
va sau do ban sé biét cac vi du xdu ban thiéu nhu thé ndo. Vi vay, chiing toi sé ¢ gang
nhan manh nhirng vi du tét, va vui choi. Vi vay, khi ching téi giang bai, néu ban cé bat
clr cau hoi ndo, hdy cit ngang. Ban sé& 1am diéu ndy nhiéu hon trong sudt khda hoc, toi
biét.

So the class really is mostly about theory, although we describe the basis for the theory
and spend a lot of time trying to make it real. But we require Chemistry 126L, the lab.
Thisisthe only chemistry course that requires you to take alab simultaneously. So | hope
you're al enrolling in that because therelll be a certain day that you want to be able to
take it. It's just one afternoon a week, three hours or whatever it is, but you want to get
your first choice, so line up soon. You'll be accommodated but it's just more convenient if
you get it arranged earlier.

Vi vay moén nay chi yéu noi vé ly thuyét, mac du ching ta mé ta co s& cho ly thuyét va
danh nhiéu thoi gian c6 gang dé 1am cho nd thic t. Nhung chiing ta phai can dén Hoa
hoc 126L, mdn thuc hanh. Bay la mén doi hdi ban phai thwc hién thi nghiém. Vi vay, toi
hy vong tat ca cac ban dang ky mon do vi s& c6 mot ngay nao dé cac ban muén co thé
hoc n6. Mon nay chi hoc mdt bui chieu mot tuan, mdi budi hoc kéo dai bagit hay gi do,
nhwng ban mudn nhan dwoc su lwa chon dau tién clia ban, do do, hay dang ki sém. Ban <&
duoc xem xét nhung s thun tién hon néu ban nhan duoc sw sap xép sém hon.

But why? Because |ab answers the really big question. And the big question was brought

home to me by my son, John McBride, in his third year. This was the beginning of the

third year, and his mother and | didn't know what was coming. For the next year, maybe

15, maybe 20 times a day, he said, "How do you know?' So here's John this last summer.
He's now 38 and he has his own three-year-olds to say that to him. And he doesn't say,

"How do you know?" anymore. He now says, "How do you know?"' Okay? But that is the
main question, how do you know what these things that they told you in school ?



Nhung tai sao? Béi vi thi nghiém trd 101 cac cau hoi thuc sw 1on. Va cau héi 16n duoc
mang vé nhacho toi bdi con trai t6i, John McBride, Uc batudi. Pay la lic nd batudi, va
me né vatéi khong biét diéu gi dang dén. Trong nam ké ti€p theo, cé |& 15, cd thé 1a20
lan mo6t ngay, né héi, "Lam sao cha biét?" Vang, day la John cu6i mua hé nay. Hién nay
nd 38 tudi vano da co dira con 3 tudi ndi nhitng diéu d6 voi nd . Vand khong con hai toi,
"Lam sao cha biét?' nita. Bay gi® nd néi, "Lam sao cha biét?' Bung khong? Nhung dé la
cau héi chinh, lam thé nao dé ban biét nhitng thir ho d& day ban trong truong lagi?

WEell, there are four ways we can talk about of knowing, and two of them are shown on

this manuscript from the Carolingian book painter. If we zoom in on thetop frame, here's
Moses on Mount Sinai. So the first way of knowing is divine authority. Here he's going

to be the--here's the graduate student here getting the word. Here's the teaching assistant

over on the left perhaps. [Laughter] Aaron, right? And then he comes down from Sinai, to
see the class, the Children of Israel. So here's another kind of authority, which is human

authority interpreting the scriptures. And here you can see the class; the guys are going

like "huh." And the teaching assistant is off on the side still. But this doesn't make it.
Science is not faith based. There may be other things you know that way but not science.

Science ignores divine authority and it ignores human authority; not that they might not

exist but they don't relate to science.

Vang, co bon cach dé ching ta noi vé s hiéu biét, va hai trong so do dugc hién thi trén
ban thao nay tlr nha danh hoa trwong phai Carolingian. NEu ching ta phong to trén khung
trén cung, day la thanh Mai-sen trén nii Sinai. Vi vay, dang hiéu biét dau tién la than
quyén. O' day 6ng tasa |a- day 1a c4c sinh vién sau dai hoc dén day dé nghe giang. C6 |8
& bén kia vé phia trai la cac trg giang. [Cu0i] Aaron, phai khong? Va sau d6 6ng daroi
khoi nai Sinai, dén gap 16p hoc, cac tré em Israel. Vi vay, day la mot loai quyén luc khac,
dé la quyén luc con nguai giai thich kinh thanh. Vaa day ban co thé thdy 16p hoc; nhitng
dira gidng nhu "huh." Va céc tro giang van thudng nghi khdng |i do. Nhung diéu nay
khong tao ra nd. Khoa hoc khong phai duwa trén dirc tin. C6 thé cé nhitng thir khac ma
ban biét theo cach d6 nhung khéng phai 1a khoa hoc. Khoa hoc bd qua than quyén va né
bd qua cac quyén con nguoi; khdng phai do ching khong tén tai malavi ching khéng
lién quan dén khoa hoc.

Now as you walked in today, did you notice these things over here? There's an Honor
Roll of Chemists, and in fact we'll use that alot this semester, and in particular one of the
people on there is Michael Faraday, who started in a very humble way. He was a book
binder's apprentice and he bound thi s book--not this particular copy but this book --which
is called Conversations on Chemistry. He bound the first edition. This one is a later
edition. So you see it's Conversations on Chemistry in which Elements of that Science are
Familiarly Explained and Illustrated by Experiments. And who's the author? J. L.
Comstock; he's actually not the author, he's the guy who stole it. He stole it from a
woman, Mrs. Marcet, in England, who wrote this book, which was the most popular
textbook--it was written for girls--but it was the most popular textbook in all chemistry,
for the first half of the nineteenth century. It went through like 20 -some editions. And
here you see at the beginning it's a dialogue, a conversation between Mrs. B and Caroline
and Emily, and it's fun to see this here, what Emily says at the beginning. "To confess the



truth Mrs. B, I'm not disposed to form a very favorable idea of chemistry, nor do | expect
to derive much entertainment from it." But in the long run, as you can imagine, they have
alot of fun with chemistry. It was a wonderful book, and still is. But he was binding it,
and read it. And look what he says about this, as his introduction to be the leading
experimenta scientist of the nineteenth century:

Ngay khi ban buéc vao hém nay, ban cé chi y nhitng thir nay & day chua? C6 mét bang
danh dv clia cac nha héa hoc, va trong thuc té, ching ta dung thi d6 nhiéu trong hoc ki
nay, va dac biét mot trong nhitng ngudi & do 1a Michael Faraday, nguoi da bat dau theo
céch rét khiém tén. Ong la nguoi hoc viéc trong mot hiéu dong sach va 6ng ta da dong
sach nay - khong phai phién ban cu thé nay ma la cudn sach nay — né co tva dé la
Conversations on Chemistry (Cac cudc hdi thoai vé Hoa hoc). Ong da dong phién ban 1an
thir nhat. Cai nay la phién ban sau nay. Vi vay, ban thdy né cé tua dé la Conversations on
Chemistry in which Elements of that Science are Familiarly Explained and Illustrated by

Experiments (Cac cudc hdi thoai trong hdéa hoc trong dé cac yéu té cla khoa hoc do

duoc giai thich theo cach than mat va dwoc minh hoa bang cac thi nghiém). Vatéac gia la
a? JL Comstock; éng thuc si khong phai latéc gia, ong laké danh cap no. Ong lay trom
no tr mot nguoi phu nik, ba Marcet, & Anh, nguoi da viét cuén sach nay, do la sach giéo
khoa phd bién nhat - né duoc viét cho cac em gai - nhwng né datré thanh sach gido khoa
nbi tiéng nhat trong hda hoc, trong khoang nira dau thé ky XI1X. N6 d & di qua phién ban
thr 20 hay gi d6. Va & day ban nhin thdy & dau cudn sach lamot cudc ddi thoai, hdi thoai
gitta Ba B va Caroline va Emily, va that thi vi dé thay diéu nay & day, nhiing gi Emily
néi luc dau. "Tha that vai Mrs B, tdi khdng duoc hinh thanh mot niém yéu thich héa hoc,
vaciing khéng hy vong nhan dwgc nhiéu niém vui tir n6." Tuy nhién, vé lau dai, nhuv ban
co thé suy doan, ho lai rat yéu thich héa hoc. D6 la mdt cudn sach tuyét voi, vahién nay
van vay. Nhwng ong ta d& dong nd, va doc nd. Va hdy xem nhitng gi 6ng ta néi vé diéu
nay, nho 1oi gidi thiéu cla dng ay nguoi ta cé thé thdy duoc 6ng la nha khoa hoc thuc
nghiém hang dau thé ki XIX:

"Do not suppose | was a very deep thinker or was marked as a precocious person. | was a

very lively, imaginative person and could believe in the Arabian Knights as easily as the

encyclopedia, but facts were important to me and saved me. | could trust a fact and

always cross-examined an assertion. So when | questioned Mrs. Marcet's book by such

little experiments as | could find means to perform, and found it true to the facts, as |

could understand them, | felt | had got hold of an anchor in chemica knowledge and

clung fasttoit.”

" Pirng cho rang t6i da1a mdt nha tw twdng rat sau sac hodc dwoc ghi nhan 1a mdt ngudi
thong minh. To6i darat séi ndi, con nguoi twang twong va co thé tin the Arabian Knights
dé nhu séach gido khoa, nhwng sir that 1a quan trong véi toi va da cieu roi ti. Toi ¢ thé tin
trdng sw that va luén luén tham tra lai s that. Vi vay, khi toi hdi cudn sach cla ba
Marcet qua céc thi nghi ém nho nhw vay khi t6i c6 thé tim ra phwong tién dé thuc hién, va
thdy n6 ding voi s that, khi toi hi€u ching, téi cam thdy t6i d& nam dugc mdt cai neo
trong kién thirc hda hoc vanhanh chong bam lay no. "

So the experiments were what did it. So the third way of knowing is by experimenta
observation. And here's Richard Feynman. How many of you've heard of Richard



Feynman? He was aredlly great physicist, wrote a wonderful textbook as well as getting
all sorts of prizes. He spoke to the National Science Teachers Association in 1966 saying,

Vi vay, cac thi nghiém lanhirng gi dalam né. Vi vay, cach hiéu biét thv ba la qua quan
sat thie nghiém. Va day la Richard Feynman. Bao nhiéu ngu0i trong cac ban da nghe tén
Richard Feynman? Ong la mdt nha vat ly thuc sy tuyét voi, da viét mot cubn sach giao
khoa tuyét voi cling nhu nhan duoc tat ca cac loai giai thudng. Ong da néi chuyén voi
Hiép Hoi Gi4o Vién Khoahoc Qudc gia ndm 1966 rang,

"Learn from science that you must doubt the experts. Science is the belief in the
ignorance of experts. When someone says, 'Science teaches such and such,’ he's using the
word incorrectly. Science doesn't teach it; experience teaches it. If they say to you,
‘Science has shown such and such,’ you might ask, 'How does science show it? How did
the scientists find out? How, what, where? Not science has shown, but this experiment or
this effect has shown."

" D& nghién clru khoa hoc ban phai nghi ngo cac chuyén gia. Khoa hoc la niém tin trong
sy ngu dot cta cac chuyén gia. Khi ai d6 noi, 'Khoa hoc day nhuw vay va nhu vay,' 6ng ay
dang st dung tir khéng chinh xac. Khoa hoc khéng day nd; kinh nghiém day nd. Néu ho
ndi voi ban, 'Khoa hoc da cho thay nhuw vay va nhu vay,' ban cd thé hoi, 'Lam thé nao
khoa hoc chirng té ra diéu d6? Lam thé nao cac nha khoa hoc tim ra? Lam thé nao, céi gi,
& dau? " Khéng phai khoa hoc da cho thady, malathi nghiém nay va hiéu ting nay da cho
thay. "

Now, why do we quote Feynman? Because he's an expert. [Laughter] Wrong. Though
literally, expert, the etymology of expert, isit means someone who has done experiments.
We quote him because what he says makes sense. So logic is the fourth way of knowing
things. So the two ways that we know things in chemistry, or in science, are experiment
and logic. And the lecture is alittle bit more focused on logic and the lab is more focused
on experiment, and you get an unbalanced view if you do one without the other.

Béy gi0, tai sao ching ta néu ra Feynman? B&i vi 6ng la mot chuyén gia. [Laughter] Sai.
Méc du theo nghta den, cac chuyén gia, tir chuyén gia, la tlr dung dé dé cap dén mot
ngudi ndo dé datirng thuc hién cac thi nghiém. Chiing ta nhac dén 6ng 4y bdi v i nhitng gi
ong 4y noi co y nghia. Vi vay, logic la cach thir tw dé hiéu biét moi thir. Vi vay, hai cach
ma ching ta biét cac thr trong hda hoc, hoac trong khoa hoc, | athyc nghiém valogic. Va
cac bai gidng tap trung hoi nhiéu hon mot chat vé logic va phong thi nghiém tap trung
nhiéu hon vé thre nghiém, vaban nhan dugc mot tam nhin khéng can bang néu ban thyc
hién mot cai ma khong thuc hién cai khac.

Okay, so modern science got underway in the seventeenth century. There's the
seventeenth century, 1600 to 1700. And 1638 was when New Haven Colony was
founded, and 1701 was when Y ale was founded. So that's when everything got underway,
just when this enterprise was beginning here. Here we are. If you go back 100 years you
get to quantum, quantization by Planck; and well talk about that. And if you go back
another 100 years you get to Lavoisier and oxidation; and we'll talk about that. And if
you get another 100 years you get to Newton and gravitation; and we'll talk a little bit
about that. And if you go back alittle more, another 100 years, you get to Copernicus and



the revolution of the heavenly bodies, and Columbus and navigation, and Luther and the
Reformation. And these things all have something in common. As Robert Hooke wrote,
"The seventeenth century” (his age) " was an age, of all others, the most inquisitive.”

Buoc roi, vay khoa hoc hién dai lic nay dang ¢ thé ky XVII. B6 lathé ky XVII, tir 1600
dén 1700. Va 1638 lathoi diém New Haven Colony duoc thanh lap, va 1701 lathoi diém
Yale dugc thanh 18p. Vi vay, do lakhi moi thi dang tién trién, ngay khi su nghiép b at dau
& day. Bdy. Néu ban quay lai 100 ndam ban sé dén c o hoc luong t, si lvgng tir hdéa clia
Planck; va ching ta sé no6i vé diéu d6. Va néu ban quay lai 100 nam nita ban dén
Lavoisier va qua trinh oxy hoa, va ching ta sé néi vé diéu d6. Vanéu ban quay lai 100
nim nita ban dén Newton va s hdp dan; vaching ta sé néi mot it vé dieu dé. V anéu ban
quay lai mét chat, 100 ndam nita, ban dén Copernicus v a cudc cach mang trong thién van
hoc, Columbus va nghanh hang hai, va Luther va phong trao ci cach. Vatat ca cac thi
nay déu cd diém chung. Nhu Robert Hooke da viét, "Céc thé ky XVII" (thoi 6ng dy dang
song) "lamoét thoi ki thoi Ki huyén bi nhét trong tat ca cac thoi ki."

All these things have to do with people inquiring into how people know things and
finding out new things. And in particular an important figure was Francis Bacon and his
Instauration. Now you may not know The Instauration so well, let's ook at that. Here's
Francis Bacon, there are his years. He was Elizabethan and Jacobean. He was amost
exactly contemporary with Shakespeare, and with Galileo. He went to school, to
university, at Cambridge. And here's a cartoon that shows him --it's a modern cartoon--
imagining him in aclass at Cambridge. Because he wrote of his tutors at Cambridge:

Téat ca nhitng viéc nay phai thuc hién véi nhitng nguoi tim hiéu lam thé nao moi nguoi
biét moi thir va tim ranhirng diéu mai. Va dac biét la mét nhan vat quan trong la Francis
Bacon va cudn sach Instauration ctia 6ng dy. Bay git cé I€ ban khong biét nhiéu vé The
Instauration , hdy nhin vao do. Bay la Francis Bacon, day la tiéu st cha 6ng dy. Ong
thudc triéu dai E-li-gia-bét va Giém |. Ong da gan nhu cling thoi voi Shakespeare, va
v6i Galileo. Ong da di hoc, vao dai hoc, & Cambridge. Va day 1a mot phim hoat hinh mé
td 6ng ay- do la mot phim hoat hinh hién dai - twéng twong 6ng dy dang & trong mét 16p
hoc tai Cambridge. B&i vi 6ng daviét vé cac thay clia minh tai Cambridge:

"They were men of sharp wits, shut up in their cells of a few authors, chiefly Aristotle,
their dictator. All the philosophy of nature” (philosophy meant science in those days) "all
the philosophy of nature, which is now received, is either the philosophy of the Grecians
or that of the alchemists. The one is gathered out of afew vulgar” (that me ans ‘common’
of course) "observations, and the other out of a few experiments of a furnace. The one
never faileth to multiply words, and the other ever faileth to multiply gold ."

" Ho la nhirng con nguoi c6 tri tué nhay bén, gidu trong té b ao ho vai téc gia, chi yéu la
Aristotle, nha ddc tai clia ho. Tat ca triét hoc cla tw nhién "(vao thoi diém nay triét hoc c6
nghia lakhoa hoc)" tat c triét hoc cua tw nhién, nhitng gi nhan duoc lUc nay, hoac latriét
hoc ctia Grecians hodc clia cdc nha gia kim. Mot cai thu duoc tir cac quan sat tam thuwong
"(tat nhién diéu do cé nghta la 'phd bién')", vacai con lai thu duoc tir cac thuc nghiém &
10 luyén kim. Céc triét gia da khong thé truyén dat tu twdng clia minh con cac nhagia kim
thuat thi dakhéng thé bién sat thanh vang. "



S0 here's the book he wrote, The Instauration. That's the frontispiece for it. This picture's
from the Beinecke Library; | went down and got a picture of the book. Notice it was

published in 1620. What else happened then? That's when the Pilgrims came over, right?

So the title of the book, rather small under his name and title as Lord Chancellor of

England, is Instauratio Magna, which means the Great Restoration. Restoration of what?
Of the way of knowing. A bigger, a part of it, it's called the Novum Organum, which is--
and it develops the inductive scientific method, based on experiment, to replace

Aristotelian deduction, which is you maybe did one experiment sometime, and then you

reason everything from that. But he says no, you have to do more experiments. Now

there's an interesting thing here. One of the devices on the title, on this frontispiece, is

two pillars. What in the world are they doing there? Well they're the same pillars that you
see on this. That's a piece of eight; you know, Treasure Island, pieces of eight? See it's
eight reales, and it came from the silver of Mexico; it was minted in Mexico City. So and

there you see the same pillars and on them it says plus ultra; more beyond. Beyond what?
What are the pillars? Pardon me?

Vang, day la cudn sach ong &y viét, The Instauration. D6 la trang dau ctia nd. Anh nay
ldy tr Thu vién Beinecke; Toi di xuéng va dén mot blrc &nh cla cubn sach. Chuy n6 da
dwoc xuat badn nam 1620. Con gi khéc nita da xay ra sau d6? D6 lakhi the Pilgrims dén,
phai khéng? Vi vay, twa dé cta cubn sach, hoi nhd duti tén éng dy Lord Chancellor of
England, |a Instauratio Magna, c6 nghta la sy phuc hoi Ién. Phuc héi clia cai gi? Cla cach
thirc hiéu biét. Cai Ion hon, mot phan cta nd, duoc goi lathe Novum Organum, né la - va
nd phét trién phwrong phap quy nap khoa hoc, dua trén thuc nghiém, dé thay thé phuong
phép suy luan Aristotle, nghta laban c6 thé 1am mot thi nghiém vao lic nao dd, va sau dé
ban suy luan moi tht tr d6. Nhung 6ng néi khéng, ban phai lam thi nghiém nhiéu hon
nira. Bay gi0 c6 mot diéu tha vi & day. Mot trong nhirng thiét bi trén tiéu dé, trén trang
dau nay, la hai cot tru. Ching dang lam gi & do trén thé gi¢i? Vang ching la cac tru cot
gidng nhau ma ban thady trén day. D6 la mot dong pozd; ban da biét, Treasure Island,
nhitng dong poz6? Thay no6 cé tam canh, vand duogc lam tir bac clia Mexico; né duwoc duc
& Mexico City. Vi vay, va & dé ban thdy cac cot gidng nhau va & trén ching co ghi vuot
rangoai hon; nhiéu hon thé nita. Ngoai céi gi? Cac tru cot 1agi? Nhac lai téi nghe nao?

Student: Spain and Africa.
Tay Ban Nhava Chau Phi

Professor Michael McBride: Yes, it's Africa and Spain, but it's the Pillars of Hercules,
which are the mouth of the Mediterranean, the old Classica World. So there's the
Mountain of Moses in Morocco and the Mountain of Tarik, which is the name of
Gibraltar. So here's the Mediterranean, the Classical World of Aristotle, and you can sail
out into the New World and bring back silver, for example. There's danger of course. But
look at what it says at the bottom. What will be brought back? Not just silver. Multi
pertransibunt & augebitur scientia --"Many will pass through and knowledge will be
increased.” So we go beyond Aristotle int o experimentally based science and knowledge
will be increased.



Vang, dé la Chau Phi va Tay Ban Nha, nhung do la tru cot clia Hercules, la miéng cla
ving Dia Trung Hai, thé gidi co dién ci. Vi vay, dé la ndi cta thanh M6i-se tai Ma-rdc
vanui cta Tarik, do6 latén cla Gibraltar. Vi vay, day la ving Dia Trung Hai, thé gidi co
dién cla Aristotle, va ban c6 thé di thuyén vao thé gi¢i m&i va mang tra lai bac, ching
han. Tét nhién s& c6 nguy hiém. Nhwng hdy nhin vao nhitng gi né néi & phia dwéi. Céi gi
£ &£ duwgc mang tra lai? Khéng chi la bac. Multi pertransibunt & augebitur scientia -
"Nhiéu thir s8 di qua va kién thirc sé dwoc tang 1én.” Vi vay, chlng ta sé vuot xa hon
Aristotle vé kinh nghiém duwa vao khoa hoc vakién thirc sé duwgc tang Ién.

So here's some quotes from The Instauratio Magna. "That wisdom which we have
derived principaly from the Greeks' (no offense, okay?) "is but like the boyhood of
knowledge, and has the characteristic property of boys: it can talk but it cannot generate;”
"...itis but a device for exempting ignorance from ignominy." That means it's a way of
hiding your ignorance, and well see examples of that. Well talk about, in Lecture 11,
about correlation energy, and well talk in Lecture 32 about strain energy, and you'll see
that both of these are just words that are used to hide our ignorance. "...the end which
this science of mine proposes is the invention, not of arguments, but of arts' (ways of
doing things). "...not so much by instruments™ (although new instruments are important,
like microscopes and so on) "as by experiments, skillfully and artificially devised for the
express purpose of determining the point in question.” (So artificial experiments designed
to decide a question; experiments.) "And this will lead to the restoration of lear ning and
knowledge."

Vi vay, day la mot s6 trich dan tr The Magna Instauratio. "P6 la s khon ngoan ma
ching t6i da rat ra chi yéu tr nguoi Hy Lap" (khdng cé vi pham, ding khong?) "la
nhung nhu tudi tho &u ctia kién thirc, va cd nhitng nét dac trung clia bé trai: nd cd thé ndi
chuyén, nhung né khdng thé tao ra;" "... d6 ching qua la su che déu su ngu dét khoi sw xi
nhuc. " Diéu do c6 nghta n6 la mot cach dé che dau sw thiéu hiéu biét clia ban, v a chiing
t6i s xem céc vi du vé diéu d6. Chang tdi sé noi vé, trong Bai giang 11, vé moi nang
lvong twong quan, va chdng téi s& ndi trong bai giang 32 vé nang luong bién dang, va
ban sé& thdy rang ca hai cai nay chi la nhitng tir duoc st dung dé che gidu sy thiéu hiéu
biét ctia chdng ta. "... Muc dich makhoa hoc clia tdi dé xuat la sang ché, khéng phai tranh
luan, nhung nghé thuat" (cach dé lam viéc). "... Khdng qua nhiéu dung cu" (mac du cac
dung cu méi la quan trong, nh kinh hién vi vavv) "lado qua céc thi nghiém, khéo léo va
gia tao nghi ra dé biéu dién muc dich cla viéc xac dinh diém trong cau hoi." (Vi vay, cac
thi nghiém nhan tao duoc thiét ké dé quyét dinh mot cau hai; thi nghiém) ". V a diéu nay
S8 dan dén su cling cd viéc hoc tap vakién thic.”

So followers of Bacon established The Royal Society in 1662, just after Charles was
restored to England, after the period of Cromwell. And there was a history written of The
Royal Society, a book about this thick, published in 1667, only five years after it was
founded. Why did they publish a history so soon? Well let's look at this, the frontis
itpiece of this book. Here's the late Francis Bacon, who was said to be Artium
Instaurator, the Restorer of the Arts. And here's the President of The Royal Society, the
mathematician, Viscount Brouncker, and here in the middle, being cr owned with laurel,
is Charles Il. Why do they have him up on a pedestal? Because they're hoping, as



scientists have before and ever since, to extract some money out of the government to do
their research. They actually never got it from Charles but it wasn't for lack of trying.
And thisis why they wrote the history, to try to make the case for being supported.

Vi vay cac mon do cta Bacon da thanh 1ap HOi Hoang Gia vao ndam 1662, ngay sau khi
Charles duwgc phuc chirc tré vé Anh, sau giai doan Cromwell. Va da cé mét lich stiv vé
Hoi Hoang Gia, mdt cubn sach duoc xudt ban nam 1667, chi nam nam sau khi héi dwoc
thanh lap. Tai sao ho xuat ban mot lich st lau nhu vay? Vang ching ta hdy xem xét céi
nay, trang dau cla cudn sach nay. Pay la Francis Bacon qua cd, ngudi duoc cho la
Artium Instaurator, ngu¢i phuc ché ctia nghé thuat. Va day la Cha tich clla Hoi Hoang
Gia, cac nhatoan hoc, Viscount Brouncker, va ¢ day ¢ gitta, dang doi mot vong nguyét
qué, la Charles I1. Tai sao ho dua 6ng Ién trén mét bé? Baéi vi ho dang hy vong, nhuw cac
nha khoa hoc ¢6 trudc day va ké tir do, quyén goép dwoc mot so tién cla chinh phi dé
thuc hién cac nghién ctru cta ho. Ho that su khéng bao gio nhan duoc no tir Charles,
nhung diéu dé khong lam ho nan chi. Va day la ly do tai sao ho daviét lai lich st, dé co
géng tao ra hoan canh nham duoc tng ho.

Okay, now let's look at al the good things that will com e from science, from The Roya
Society. In the background can you see what that is? Well blow it up. Here there's a hint
to it on the bookshelf. If you look really fine on the bookshelf you can see that some of
them have writing on the spine. Do you see w hat that one is? Can anybody read it? What?
What science book do you think they might have had?

Puoc roi, bay giv hay xem xét tat ca nhitng diéu tot dep sé dén tir khoa hoc, tir Hoi
Hoang Gia. Trong |i lich ban c6 thé xem dé l1a gi khdng? Chiing ta & phdng né 1én. O day
c6 mot goi y vé nd trén ké sach nay. Néu ban nhin that su tot trén ké sach ban cé thé thay
rang mot s6 trong ching da viét trén cot séng. Ban co thdy cé nay lagi khong? Ai cd thé
doc n6? Gi? Cubn sach khoa hoc nao maban nght ho cé thé c6?

Student: Copernicus.

Professor Michael McBride: Copernicus, right? So astronomy; that's a telescop e in the
back. Okay, or over here on the wall, what's that thing? It's a clock. Why is it shaped like
apiece of pie?

Copernicus, phéi khdng? Vi vay, thién van hoc, dé 1a mét kinh thién van & mat sau. Bugc
roi, hodc & dang kia trén twdng, cai do la gi? D6 [amot dong ho. Tai sao nd c6 hinh dang
nhtr mét mau banh nuéng?

Student: Because it has a pendulum inside.

Ba&i vi n6 c6 mdt con lac bén trong

Professor Michael McBride: Ah, because it has a pendulum inside. So horology,
making good clocks. Okay, or here, w hat's that thing? It's hard for you to know.



Ah, bai vi no cd lac bén trong. Vi vay thuat do thoi khac, tao ra nhitng dong ho tét. Puoc
roi, hodc & day, cai dd la gi? That kho dé ban biét.

Student: Solar.

Mat troi

Professor Michael McBride: It'sawind gauge. It has avaneinside that it blows on--and
you can tell from how far it goes on the scale how strong the wind is. So meteorology.
And back here on the pillar, what are those things for?

N6 lamét cai do gid. N6 cd mdt chong chong bén trong chong chéng thdi gid - vaban cé
thé biét dwoc nd di bao xa ti I& vdi gié manh bao nhi éu. Vi vay, khi tugng thuy van. Va
trd lai day trén cac cOt tru, nhitng céai do dung dé lam gi?

Students: A compass.

Laban

Professor Michael McBride: For cartography. Now what do all these things have in
common that they're going to do for Charles 11? Astronomy —

Cho khoa nghién ctru ban d6. Bay gio tat cd nhitng thir nay cd diém chung gi ma ching
c6 thé co ich cho Charles 11? Thién van hoc --

Student: For the records.

Cho ho so

Professor Michael McBride: Good clocks, meteorology, cartography, what —

Cac dong ho tot, khi twgng hoc, nghién ctru ban do, ca gi—

[Students speak over one another]

Professor Michael McBride: They all have to do with navigation, with making England
strong at sea. Now back here is another science, Chemistry. That doesn't seem to have
anything to do with navigation. Why would Chemistry be important to Charles?

Tét ca ching can cho nghanh hang hai, lam cho nvéc Anh hing manh trén bién. Bay gi¢
trd lai day la mot khoa hoc khac, Héa hoc. N6 c6 vé nhuw khong lién quan gi dén nghanh
hang hai. Tai sao Héa hoc la quan trong doi véi Charles?

Student: War.

Chién tranh



Professor Michael McBride: Look at it.
Nhin nay

Student: War.

Chién tranh

Professor Michael McBride: To make gun powder. There was a chapter about gun
powder in The History of the Royal Society. Okay, and up here at the top is the motto,
which is Nulliusin Verba, which comes from this quote from Horace, and what it saysiis,
"Lest you ask who leads me, in what household | lodge" (that is, what philosophy |
advocate) "there is no master in whose words | am bound to take an oath. Wherever the
storm forces me, there | put in asaguest." So it's the experiment, not the philosopher, that
leads you to the conclusion. So Nullius in Verba is 'in the words of none." And, in fact,
the origina name of The Royal Society was The Royal Society for the Improving of
Natural Knowledge by Experiments.

DPé ché tao thube sing. Cé mot chwong riéng vé thude sling trong The History of the
Royal Society (Lich st ctia H6i Hoang Gia). Buoc rdi, va Ién day & dau la phuong cham,
d6 1a Nulliusin Verba, né dwgc trich dan tir Horace, va nhitng gi n6 néi 13, "Khong phai
dé cac ban hoi ai 1a nguoi dan dat t6i, trong ngdi nha nao toi datra ngu" (tkrc 1at6i Gng ho
triét Ii cta ai) "khong c6 bac thay trong nhirng tir matdi bi rang budc dé thé. Bat ctr khi
nao dong béo gay &p luc cho tbi, tdi dat vao nhuw la khach." Vi vay, chinh thuc nghiém,
chtr khéng phai cac nhatriét hoc, dan ban dén két luan. Vi vay, Nulliusin Verba y muén
néi lakhong.' V4, trén thuec t€, tén ban dau ctia Hoi Hoang Giala Hoi Hoang Gia dé Nang
cao kién thirc vé tw nhién bang thrc nghiém.

Okay, so we're going to see, as the course goes along, important experiments that really

decided questions, and in fact Bacon's most important kind of experiment was one that

"finally decides between two rival hypotheses, proving the one and disproving the other."

So you can do al sorts of experiments and just be collecting butterflies --no, | don't mean
to insult people who collect butterflies, it's a fine thing to do. But there's something

special about experiments that really are designed to answer a question. Now Bacon

devised a name for such experiments, and they're based on this model, that you have a
road that diverges and you need to know which way to go between these two hypotheses.

What do you need, to know which way to go? You need a sign, or this was a cross that

you mounted at a crossroads. So the Latin name for crossis crux. Do you see what they
call the experiment? Crucial. That's the origin of the word crucial, right? It's the one that

tells you which way to go. Okay, so here is Isaac Newton and he's holding something.

Can you see what he's holding in his hand?

Puoc rbi, vi vay ching ta sé thdy, khi khoa hoc dién ra, cac thi nghiém quan trong thuc
s da quyét dinh cac cau héi, vatrong thuc té, loai thi nghiém quan trong nhat ctia Bacon
la cad ma "cubi cung quyét dinh gitra hai gia thuyét déi lap nhau, chi’ng minh mét ca va
béc bo céi kia. " Vi vay, ban cé thé thwc hién tat ca cac loai thi nghiém va chi thu thap



budm - khong, t6i khdng cé y xic pham nhitng nguwai swu tap budm, dé lamot diéu tot dé
lam. Nhung c6 diéu gi do dac biét vé cac thi nghiém thuc sv duoc thiét ké dé tra 107 mot
cau hdi. Luc nay Bacon da nghi ra tén cho céac thi nghiém d6, va ching dwa trén mé hinh
nay, rang ban c6 mot con duong ré ra va ban can phai biét con duong nao dé di gitra hai
gia thuyét nay. Ban can gi dé co6 thé chon duoc con duong dé di? Ban can mot dau hiéu,
hoac day la mot dau thap ma ban dat tai mot ngatw. Vi vay, tén tiéng Latin cla dau thap
la crux. Ban c6 biét ho goi thuc nghiém la gi khéng? Crucial. 6 la ngudn gbc cla tlr
crucial, ding khong? D6 la céi cho ban biét con dwong nao dé di. Buoc rdi, vi vay day la
|saac Newton va 6ng dang cam cai gi d6. Ban c6 thdy ong ta gir cai gi trong tay khong?

Student: A candle.
Cay nén

Professor Michael McBride: I'll give you a hint. It's a prism. Why is he holding a
prism? Because that was his crucial experiment; and here's his diagram in that experiment
with a prism in it. He caled it the Experimentum Crucis, taking the word from Bacon.
Okay, so light came in through a hole in the window, through a lens, and then got bent
and dispersed into the different colors. So you get a spectrum here on this thing, the
different colors. Now there's the question, how does the prism make color? Hooke and
Descartes thought that light was a train of pulses and as it goes through something like a
prism, or as it reflects from a thin layer of oil on water or something like that, that it
changes the timing of the pulses and therefore changes the color. But Newton thought
that the colors were pre-existing, and the prism just separates them. And this was his
crucia experiment to decide between those two theories. Y ou see what he did? He drilled
a hole through the board and let through only the red light, and put a second prism there.
And he wrote here, three times--he wrote it here, and also here, and aso here--nec variat
lux fracta colorem; which means "the broken light does not change its color." So this
proved to Newton, at least at that time, that light is a substance, not a train of pulses.
What do you think of that proof now? Y ou think light is a substance or atrain of pulses?

T6i sé cho ban mot goi y. B6 lamét lang kinh. Tai sao 6ng dang gilr mét lang kinh? Bai
vi d6 la mot thi nghiém rét quan trong clia 6ng ay, va day la so do cla 6ng dy trong thir
nghiém dé véi mot 1ang kinh trong d6. Ong goi nd 1a the Experimentum Crucis, muon tir
tlr Bacon. Buoc rdi, do do, anh sang di qua mot 16 & clra s6, qua mot thau kinh, va sau do
da bi cong va phan tan thanh cac mau séc khac nhau. Vi vay, ban c6 duoc mot phé & day
trén ca ndy, cac mau sic khac nhau. Bay gid c6 cau hdi, 1am thé ndo céc lang kinh tao ra
mau? Hooke va Descartes nghT rang anh sang |a ddy xung va khi né di qua mét cai gi do
nhu mot lang kinh, hodc khi né phan xa tr mot 16p dau méng trén nwéc hodc v.v..., nd
thay déi thoi gian clia cac xung va do do thay déi mau sic. Nhung Newton nght rang
nhitng mau Sic ton tai trudc, va 1ang kinh chi can tach ching. Va day 1a thi nghiém rat
quan trong dé quyét dinh gilra hai ly thuyét dé. Ban thay nhitng gi 6ng ta da lam khong?
Ong da khoan mot 16 qua tdm bang va chi dé cho anh sang dé di qua, va dat mot lang
kinh tht hai & d6. Va 6ng daviét & day, ba lan - 6ng da viét n6 & day, vacling cé & day,
vaciing & day - nec variat lux fracta colorem; c6 nghta la &nh sang bi gdy khong thay doi
mau sac clia nd.” Vi vay, diéu nay chirng td cho Newton, it nhat la tai thoi diém do, anh



sang lamot vat chét, khong phai 1amdt ddy xung. Ban nght gi vé bang chiing d6 bay giv?
Ban nghi rang anh sang lamét vat chat hodc chudi cac xung?

Students: Both.
Ca hai

Student: Neither.
Khéng cé nao

Professor Michael McBride: But at least you can see that in terms then, that was a
crucial experiment, areally important experiment, and that's the kind of experiments wel'll
try to talk about in the course. Experiments are indispensable in Organic Chemistry. It's
an empirical science based on observation, and that's why you have to take the lab. But so
is logic--that was number three and number four of the ways of knowing--logic is
important too. So believe what | tell you here only when it makes sense to you. Don't just
cram it in, make sure it makes sense. But what if it doesn't? Now here's how to succeed in
Chem. 125, and we'll take as our model science student Samuel Pepys. How many people
have heard of Samuel Pepys? Have you heard of him as a scientist?

Nhung it nhat ban co thé thdy rang trong diéu kién do, dé la mot thi nghiém rét quan
trong, mot thi nghiém thuc sw quan trong, va dé la cac loai thi nghiém ma ching ta <€ c6
géng dé cap dén trong khoa hoc. Thi nghiém khong thé thiéu trong Hoa hoc hitu co. Day
la mét khoa hoc thuc nghiém dua trén quan sat, va do la ly do tai sao ban phai lam thi
nghiém. Nhwng nhu vay lalogic - d6 la cach thi ba vathir tv dé hiéu biét - logic cling
quan trong nita. Vi vay, tin nhitng gi téi n6i vai ban & day chi khi né rd rang déi déi véi
ban. Birng chi nhdi nhét n6 vao, hay chéc chan n6 cé y nghia. Nhung néu nhw né khong
c6 nghta thi sao? Bay gio day la cach dé thanh cong trong Héa hoc. 125, va chiing ta hdy
|8y vi du vé mdt sinh vién guvong mau Samuel Pepys. C6 bao nhiéu nguoi da nghe néi vé
Samuel Pepys? Céac ban cd nghe anh ta nhw la mét nha khoa hoc chua?

Student: | don't remember.
Em khéng nh¢

Professor Michael McBride: What did you hear of him as? What do you associate with
Samuel Pepys?

Ban da nghe ndi dén anh ta voi tw cach la gi? Ban lién hé cai gi véi Samuel Pepys?
Student: Newton-Pepys Problems.

Sinh vién: Bai toan Newton-Pepys



Professor Michael McBride: Right in this period, in the heart of the science growth. But
what you know him for was his diary, which tells all about life, everyday life in
Restoration London. He was actually, as a sixteen -year-old, present when Charles | was
beheaded in 1649. Now what's the connection? Do you know where this is? Anybody
been there? Dixwell, Goffe and Whalley Avenues, those are named for three of the 50
judges that condemned Charles | to be beheaded, and they were the only ones that lasted
very long, after the Restoration, and they lasted because they fled to New England and
were hidden on West Rock. All these roads are heading west toward West Rock. Okay,
so that's a tie-in to the same period. But anyway, he got his B.A. in Cambridge in 1654
and aMaster'sin 1656. And he got a good job, he became Clerk of the Acts for the Navy
Board, which meant he was the guy that purchased everything for the Royal Navy, al the
rope, al thetar, al the lumber and so on. And on July Fourth, 1662 --it's the fourth of July
but it's more than 100 years before that became relevant --he writes in his diary, "By and
by comes Mr. Cooper, mate of the Royall Charles, of whom | intend to learn
mathematiques, and do begin with him to-day, he being a very able man... After an
hour's being with him at arithmetique (my first attempt being to learn the multiplication -
table); we then parted till tomorrow."

Ngay trong thoi gian nay, tai trung tdm cla sv phat trién khoa hoc. Nh ung ban biét dwoc
ong dy thdng qua nhat ki cla 6ng ay, nd cho biét tat cd vé cudc séng, cudc sdng hang
ngay & London thoi ki khoi phuc ché dé quan chi. Ong da thwe su tré lai khi Charles | d&
bi chat dau nam 1649. Bay gi¢ s két ndi la gi? Ban cé biét day la noi nao khéng? Cé ai
datirng & dé khong? Dixwell, Goffe va Whalley Avenues, nhitng cai do dwgc dat tén cho
batrong s6 50 thdm phan két &n chat dau Charles 1, va ho la nhirtng nguoi duy nhét song
rat lau, sau thoi ki khéi phuc ché do quan chd, va con song vi ho da bay dén New
England va trén & West Rock. Téat c nhitng con duwong nay huéng tir phia tay vé West
Rock. Buoc rdi, vay do la mot su lién tiép cung thoi ki. Nhwng du sao di nita, 6ng da
nhan bang clr nhan van chuong & Cambridge ndm 1654 va thac s§ nam 1656. Va 6ng
nhan duoc mot cong viéc tét, 6ng tré thanh Thr ky ctia Hoi dong Quén tri Cong vu cho
Hai quan, diéu nay cd nghia la 6ng ta la ngwdi muatat cd moi thir cho Hai quan Hoang
gia, tat ca cac day thirng, tat ca cac nhua thudc 14, tit ca cac gb xé vavv. Va vao ngay
bon thang bay, 1662 - do6 la ngay bon thang bay nhung da hon 100 nam trwéc khi diéu do
tré thanh thich dang - éng viét trong nhat ky ctia minh, “Léat nita khi dén Ong Cooper,
ban clia Charles Royall, ngudi matéi co y dinh mudn hoc toan hoc clia 6ng dy, v a bat dau
vGi 6ng dy hom nay, ong dy la nguoi réat cé nang luc ... Sau mot gio ngdi chung véi 6ng
ta dé hoc s6 hoc (nd lvc dau tién cla toi 1a dé tim hiéu bang clru chrong); sau dé chiing
t6i chiatay cho dén ngay mai.

So here was the guy doing all the purchasing for the Royal Navy and he didn't know
multiplication, let alone division. But he worked hard at it. July ninth, five days later:
He's "Up by four o'clock, and at my multiplicacion -table hard, which is al the trouble I
meet withal in arithmetique." He can do the other things pretty well. July eleven: "Up by
four o'clock and hard at my multiplicacion-table, which | am now almost master of."
Christmas--so six months later: "...so to my office, practici ng arithmetique alone and
making an end of last night's book with great content till eleven at night and so home to
supper and to bed." Or ayear later --so he was motivated and he was diligent; that's good.



A year later, on a Sunday: "...I below by myself lo oking over my arithmetique books and
timber rule. So my wife arose anon and she and | al the afternoon at arithmetique,”

[laughter] "and she has come to do Addition, Subtraction and Multiplicacion very well,

and so | purpose not to trouble her yet with Di vision..." Right? [Laughter] So he worked
with a study partner, and that's crucial. And Isaac Newton --does anybody recognize this
book?

Vi vay, day languoi thuc hién tat ca viéc mua sam cho Hai Quan Hoang Gia va 6ng da
khong biét phép nhan, tu hoc chia mét minh. Nhwng dng da lam viéc cham chi véi né.
Ngay chin thang bay , ndm ngay sau do: Ong ta viét "Hon bén gio, va tai bang ciru
chuong clia t6i, n6 1a tat ca cac khd khan matéi gap phai trong s6 hoc." Ong cé thé 1am
nhitng viéc khac khat6t. Ngay mudi mot Thang Bay: "Hon bdn gio vakhd nhoc véi bang
clru chwong, cd ma hau nhu bay git tdi da ndm vitng." Giang sinh — rdi sau thang sau:
"... dén van phong cla tbi, thuc hanh sd hoc mot minh va lam doan két cubn sach cla
dém trudc voi ndi dung 16n cho dén muoi mot gio dém va vé nha dé an toi va di ngl."
Hoac mot ndam sau do - vi vay 6ng da c6 dong lwc va dng da siéng nang; diéu do tot. Mot
ndm sau, vao mot chd nhat: "... Toi tw minh doc sach s6 hoc va céac quy tac 1am maoc. Vi
vay, chang bao lau vo tdi d& hdi sinh va c toi va cd dy vao bubi chiéu cing hoc dai s6,"
[Cu0i] "va co da dén dé thuc hién Cong, trir, nhan rat tot, vavi vay t6i c6 y dinh khong
mudn lam kho cb ay vei phép chia ... "Bung khéng? [Laughter] Vi vay, 6ng dalam viéc
vGi mot ddi tac nghién clru, va do la diéu rat quan trong. Valsaac Newton — ¢ ngudi nao
nhén ra sach nay khéng?

Student: Yes, sure.
Vang, tat nhién

Professor Michael McBride: Right? The Mathematical Principles of Science, of Natural
Philosophy. But there's an interesting thing on the titl e page. Samuel Pepys is the one
who gave permission to publish that book, because he was the president of The Royal

Society. Now six years later Pepys encountered a problem with dice. The reason was he
went to coffee shops every night for dinner and they'd gamble, and people proposed
various kinds of bets, and he couldn't figure out this one, so he wrote Newton for help. So
this was the problem that he wrote to Newton, twenty -second of November. So A has six
dicein abox, and he has to throw a Six by throw ing it; B has 12 dice and he has to fling
two Sixes; and C has 18 Dice but he has to get 3 Sixes to win. The question, "Whether B

and C have not as easy a Taske at A, at even luck?' That is, if the dice aren't loaded or

anything, who has the better bet? [L aughter]

bung khdéng? The Mathematical Principles of Science, of Natural Philosophy (Céac
nguyén |i toan hoc Khoa hoc, cla Triét hoc tw nhién). Nhung c6 mot diéu tha vi trén
trang tiéu dé. Samuel Pepys la nguoi da cho phép xuét ban cuén sach dé, béi vi ong la
cha tich ctia HOi Hoang Gia. Bay gi& sau ndam sau Pepys gap phai mot van dé véi con stc
sic. Ly do la 6ng dén quéan ca phé moi dém dé an t6i va ho mudn danh bac, va nguoi ta
dé xuat nhiéu loai tién ca do khac nhau, va 6ng khdng thé suy ra dwoc céi nay, do do, 6ng
da viét cho Newton dé duoc gitp do. Vi vay, day lavan dé ma ong da viét cho Newton,



vao ngay 22 thang mudi mot. Vang A c6 6 con slic sic, phai gieo duoc 1 con 6, B ¢ 12
con, phai gieo duoc 2 con 6, C c6 18 con, phai gieo dugc 3 con 6. Héi ai c6 xac suat
thang cao nhat, van may ngang bang". Nghia 1&, néu con stc sac khéng dugc 1am nang
thém thi ai ¢ co hdi thang hon? [Cui]

How many people think that it's the same? Don't be shy. How many think it's A? How

many think B? How many think C? How many don't really have any opinion at al?
Good, that wins. Okay, so he wrote this letter to try to get help on his bets from Newton,

and Newton replied, four days later, "What is the expectation or hope of A to throw every

time one six, at least, with six dyes?' So you get two sixes you still win; that wasn't clear
in the origina statement. So he says, "If we formulate the question that way, it appears by

an easy computation that the expectation of A is greater than B or C; that is, the task of A

isthe easiest.” There's the answer. So Pepys replied on the sixth of December: "You give
it in favour of the Expectations of A, & this (as you say) by an easy Computation. But yet
I must not pretend to soe much Conversation with Numbers, as presently to comprehend

as | ought to doe, al the force of that wch you are pleasd to assigne for the Reason of it,

relating to their having or not having the Benefit of al their Chances. " So he wasn't
ashamed to admit that he didn't really understand --that's crucial. "And therefore, were it
not for the trouble it must have cost you, | could have wished for a sight of the very

Computation. "

Bao nhiéu nguwoi nght rang ho ¢ co hdi thang bang nhau? Birng ngai. Bao nhiéu nght
rang dé 1a A? Bao nhiéu nght B? Bao nhiéu nghi C? Bao nhiéu thuc sy khéng c6 bat ky y
kién ndo ca? Tét, bén dé thang. Buoc rdi, do dd, ong d& viét thw nay dé ¢6 gang nhan su
gilp d& trong viéc ca cuoc clia minh tir Newton, va Newton tré 16i, bdn ngay sau do, "ky
vong hodc hy vong dé A gieo moi 1an mdt con sau |abao nhiéu, it nhat, véi sau mau?" Vi
vay, ban nhan duoc hai con sau ban van gianh chién thang, diéu dé khong rd rang trong
cau dau. Vi vay, 6ng dy ndi: "Néu ching ta lan theo cau héi d6, qua mdt tinh toan dé
dang ta dé thay rang ki vong ctia A 16n hon B hodc C; nghia 13, A ladé thing nhat." Do
la cau trd 10i. Vi vay, Pepys trd 101 vao thir sau clia thang muoi hai: "Ban Gng hd ki vong
cla A, & diéu nay (nhv ban néi) qua mot tinh toan don gian. Nhung t6i khong phai gia
v dé thao luan qua nhidu v& cac con sb ., khi chdng may chdc hiéu thau dao nhu toi phai
lam, tat ca cac ap luc cla diéu d6 cai maban duoc hoan nghénh dé chia phan vi Ii do do.
" Vi vay, 0ng ta dakhong xau hé dé thira nhan rang ong da khong thuc sy hiéu — digu do
quan trong. "Va do do, khd khan khéng lam ban ton kém t6i muén kiém tra kha nang tinh
toan clia cac ban."

Can you show me how to figure it out? And he wanted that because somebody might
change the terms of the bet and then he wouldn't know. He wanted really to understand.
He insisted on proof. So this is two of the pages from Newton's correspondence of the
letter that he wrote in response, and you can see that Pepys certainly got more than he had
bargained for. "So to compute this | set down the following progressions of numbers." So
you can go through all this and you get complicated quotients here, and it turns out that A
has 31,031 chances out of 46,656, or 0.6651 chance of winning, and B has this, which is
0.6187; A wins. So is Pepys satisfied with this? Pepys writes back and he says, "Why? "
Right? "I cannot bear the Thought of being made Master of a Jewell | know not how to



wear." So he's willing to swallow his pride to search for really solid understanding. Now

compare this with a comment we got at an end -of-semester evaluation in January a year
ago. "l never went to his office hours for help because | felt like he would make me feel

stupid, because he's superior to me in chemistry.” | hope I'm superior to you in chemistry.

[Laughter] I'm not superior as a person, but | hope I'm superior in chemistry. You're
paying me the big bucks because of that. So swallow your pride and ask someone for

help. Follow Pepys.

Ban nao c¢d thé chi cho tdi cach dé suy luan ra n6 khong? Vaong ta mudn diéu dé bdi vi
ai dé co thé thay d6i cac dieu khoan dat cwoc va sau dé ng sé khdng biét. Ong &y muén
thwe sw hiéu. Ong khang dinh trén bang chung Vi vay, day la hai trang thu trd 101 clia
Newton , va ban co thé thdy rang Pepys chéc chan c6 nhiéu h on éng dy tinh. "Vi vay, deé
tinh toén diéu nay t6i gan nhitng chudi s sau." Vi vay, ban c6 thé xem xét ti mi tét ca
diéu nay va ban nhan dwgc nhitng thuong phirc tap & day, va hdarala A c6 31.031 trén
46.656, hoic 0,6651 co hdi chién thang, va B c6 ca nay, dé la 0,6187; A thang. Vay
Pepys c6 hai 1ong voi diéu nay khong? Pepys viét lai va 6ng ta néi, "Tai sao?" Phai
khong? "Taéi khdng thé mang tv tudng trd thanh 6ng chi clia Jewell tdi khong bi ét cach
chép nhan." Vi vay, 6ng san sang dep di tinh tw cao clia minh dé tim kiém su hiéu biét
thure s vitng chac. Bay gio’ so sanh diéu ndy vai mot binh ludn ma ching téi nhan duoc
vao lic danh gia cudi ki vao thang mét nam trwéc . "Toi khéng bao gi ¢ di dén vao gio
lam viéc clia ong dy dé duoc gilp do vi téi cam thdy nhu 6ng s& lam cho t6i cam thady ngu
ngdc, vi 6ng ta gidi hon ti vé héa hoc." Toi hy vong toi gidi hon ban vé hda hoc. [Cuoi]
T6i khdng phai 1a nguoi ¢ dia vi cao hon, nhung t6i hy vong t6i cao hon trong hda hoc.
Ban dang trd cho tdi moét khoang tién hoc phi I¢n vi diéu do. Vi vay, hdy quén di niém
kiéu hanh clia ban vayéu cau nguoi giup dd. Lam theo Pepys.

So read "Pepys and Newton™ and get together to do problems for Monday, and contribute
to the Wiki when you're asked to do so. So here are problems. For Friday the problems
are optional but very helpful. One is find out which tw o class members have the rooms
nearest you so that you can maybe use them as study partners. You don't have to use
them, use anybody, but use someone, don't try to go it adone. Two. What are the three
most common items of advice from course veterans? So if you click there, or go to the
webpage, you can get anonymous advice; | was careful to make sure it's anonymous. So
you can get al--much of it is contradictory, so your job isto look through it and try to get
some idea of what they're telling you that's worth knowing. For Monday there are
problems from that webpage, "Pepys & Newton." And let me tell you that you better get
together with other people to do it, because there's alot of stuff there. So get together in a
group, parcel out who works on what, discuss what went on and so on. And then for a
week from Friday there's stuff about drawing Lewis Structures, from another webpage
about functional groups. So well get to that later, | just wanted you to know what's
coming up. Incidentaly, this thing about the problems set that has to do with the
mathematics that Newton and Pepys were working on there, has to do with isotope ratios.
Y ou know, chlorine has a funny atomic weight. Why? What is the atomic weight, does
anybody know?



Vi vay, hay doc “Pepys va Newton” va cung nhau lam bai tap vao tht hai, va dong gop
vao Wiki khi ban dwoc yéu cau lam nhuv vay. Vang, day la cac bai tap. Vao thir sau cac
bai tap latuy chon nhung rat hitu ich. Mét latim rahai thanh vién 16p hoc c6 phong gan
ban nhat dé ban c6 thé cé thé sir dung ho nhu la doi tac nghién clru. Ban khong can thiét
phai hoc chung véi ho, macdé thé labat ci ai khac, khong nén hoc mot minh. Hai. Ba |0
khuyén ph6 bién nhat tlr nhitng nguoi tirng trai 1a gi? Vi vay, néu ban bdm vao dd, hoéc
vao trang web, ban cé thé nhan duoc 101 khuyén nic danh; Toi da cin than dé chic chan
rang nd laveé danh. Vi vay, ban co6 thé nhan dwoc tat ca - phan 1on trong ching trai ngwoc
nhau, do do, cong viéc cla ban 1a hdy xem xét cin than nd vacd gang nhan dwoc mot s6
y twdng vé nhirng gi ho dang bao ban diéu d6 dang biét. Vao thi hai s& cd nhiing bai tap
tlr trang web, “Pepys & Newton.” Va téi khuyén ban rang t6t hon nén 1am né cling voi
nguoi khac, bai vi co rat nhiéu thi & dé. Vi vay, hay tham giavao mdt nhém, phan céng
ranhiém vu tlrng nguoi, thdo luan céc van dé vavv. Va thit sau tuan sau sé c6 nhirng bai
tap vé vé cau trac Lewis, tr mot trang web khac vé cac nhdém chirc nang. Vi vay, ching
ta s& dén d6 sau, téi chi mudn ban biét diéu gi dén. Ngau nhién, céc xdp bai tap nay phai
duoc thue hién véi toan hoc ma Newton va Pepys da tirng lam trén dé, phai lam voi cac
ty 1& déng vi. Ban dabiét, clo c6 mot nguyén tir khdi li tha. Tai sao? Nguyén tir khdi bang
bao nhiéu, co ai biét khong ?

Student: 35.5.

Professor Michael McBride: Thirty-five and a half. Why a half? Most of the elements
are pretty near integers. It's because it's a mixture of isotopes. It's a quarter of one isotope
and three-quarters of the other, and the average is thirty -five and a half; thirty-five and
thirty-seven. But in fact it depends on where you get chlorine from, what the ratio is.
There's thirty-five and a half for a standard atomic weight, but it ranges quite a bit,
depending on where you get it. So by measuring these ratios, which is a lot like these
odds in the betting, you can tell where things came from. You can tell where
hydrocarbons came from sometimes that way. And those are the problems that you have
to deal with. Soit's not really very, very relevant to the course as awhole, but it's relevant
to the Pepys and Newton thing and it's a fun problem. So that's what you've got to do for
Monday.

Ba muoi 1am va mét phan hai. Tai sao mot nira? Hau hét nguy én tlr khéi cla cac nguyén
t6 gan bang mot s nguyén. D6 1a bai vi no 1a mot hon hop clia cac dong vi. N6 1a mot
phan tv cia mét dong vi vabaphan tw clia dong vi khac, vatrung binh [aba muoi lam va
mét phan hai; ba muoi 1am va ba muoi bdy. Nhwng trong thuc t€, né phu thudc vao noi
ban thu clo, & cac noi khac nhau ti 1€ sé khac nhau. D6 la ba muoi Idam va mét phan hai
ddi voi khdi lvong nguyeén ti tiéu chuan, nhung no trai dai mot chut, tlly thuéc vao noi
ban thu nd. Vi vay, bang cach do ty & nay, n6 giéng nhu nhitng ty |1é cuoc trong cé cuoc,
ban c6 thé bao cac thir dén tlr dau. Thinh thoang, ban co thé biét dwoc xuat xir clia cac
hydrocarbon theo cach d6 Va do la nhitng van dé ma ban phai gidi quyét. Vi vay, no
khong thuc sy rét, rat thich hop cho khéa hoc nhr mdt toan thé, mand ¢ lién quan dén
s viéc Pepys va Newton va do la mot van dé tha vi. Vi vay, dé la nhitng gi ban phai lam
cho ngay thi hai.



Okay, and here are the assignments. | emailed all these people. | hope you're here, and
that you picked up on what we talked about today so that you can improve the Wikis
from last year. Last year people developed their Wikis from scratch. This time--which is
a very valuable thing to do. So | was torn this year as to whether to have you do them
from scratch or whether to modify last year. | figured modifying last year is better
because then you have something to read earlier on, for those who are not working on
developing it. So anyhow, but the hope is--so if you modify it--it has to be something
significant, not put a comma in or something like that, but add something useful to
understanding. If you do it within thirty -six hours, you get two points, and if what you do
isreally good, you get three points. So you go to that page and you click on those things
and then you can read what --or you can either modify them or read it; it's a Wiki.

Puoc rdi, va day la nhitng bai tap. Toi da gti mail cho tat cad nhitng ngudi nay. Toi hy
vong ban dang & day, varang ban chon nhitng gi chiing ta n6i hdm nay dé ban c6 thé cai
thién Wikis tlr nam ngodi. Nam ngoéi, ng voi ta da phét trién Wikis cla ho tlr dau. Thoi
gian nay - do la mot diéu rat co gia tri dé lam. Vi vay, trong ndm nay tdi dang phan van
khong biét 1a nén lam chiing tir dau hay la diéu chinh tlr ndm trwdc. Toi nght diéu chinh
tlr nam trude latét hon bai vi nho dé ban ¢ mét cai gi do dé doc trude, ddi véi nhitng
cai d6 nguoi ta da khdng lam viéc dé phat trién nd. Vi vay du sao chang nira, nhung hy
vong la - vi vay néu ban stra doi né - nd phai lathr gi d6 cé y nghta, khéng phai dat mot
ddu phay vao hay thit gi do twong ty thé, mathém mot cai gi do co ich cho sw hiéu biét.
NéEu ban lam diéu d6 trong vong ba muwoi sau gio, ban sé c6 duoc hai diém, vanéu nhiing
gi ban lam la thuc sy t6t, ban sé co6 dwgc ba diém. Vi vay, ban hady vao trang do va click
vao nhitng thir d6 va doc - hodc ban c6 thé thay d6i chiing hoac doc nd, n 6 lamot Wiki.

Now, we come to the question that we'll address more. We have another five minutes
here. The question we're really dealing with now, having seen how to work in Chem. 125,
is are there atoms and molecules; how do you know? And what force holds them
together? Because if we knew that they're real, and we knew what force held them
together, then in principle we might be able to calculate everything. So it would all be
theory. So is it springs that hold atoms together? So Robert Boyle --notice he's right at
that time, 1627 to 1691, and he's the oldest person that's on the Honor Roll outside the
building here, he's over that way--so Robert Boyle wrote this first important book in
chemistry, New Experiments Physico-Mechanical: Touching the Soring of Air. So you
know Boyle's Law, how pressure and volume change, that air in a piston acts like a
spring. So PV is a constant; that's Boyle's Law. So he developed this science on the basis
of a new instrument, the pneumatical engine, which was built by Robert Hooke, the guy
we quoted. And there's a picture of the air pump here with that crank on it, and so on to
pump things in or out of that bulb. Now a couple of years later Hooke wrote this book,
Lectures, De Potentia Restitutiva, or of Spring, explaining the power of springing bodies.
And this is the beginning of that book. "The Theory of Springs, though attempted by
divers eminent Mathematicians of this Age has hitherto not been Published by any. It is
now about eighteen years since | first found it out, but designing to apply it to some
particular use, | omitted the publishing thereof." So he kept it secret so no one would
steal the idea. What did he hope to do with a spring, areally important technology that he
could do with a spring? There was a coil in the spring that he depended on.



Bay gi0, chang ta di dén cac cau hdi ma ching ta s8 tap trung nhiéu hon. Chang ta cé
thém nam phut nira & day. Cac cau héi ching ta dang thuc sy déi mat bay gio, giong nhu
da tirng lam viéc trong Chem. 125, la cd cac nguyén tir va phan tir hay khong; lam thé
nao ban biét? Va nhitng lvc ndo gilt ching lai véi nhau? Béi vi néu chung ta biét rang
chling ¢ that, va luc nao gilr chiing véi nhau, thi v& nguyén tac ching ta co thé c6 kha
nang tinh toan tat cd moi thi. Vi vay, tat ca sé laly thuyét. Vay c6 phai cac 10 xo gilr cac
nguyén t& lai véi nhau khéng? Vi vay, Robert Boyle —chl y 1a éng dy da & ngay tai thoi
diém d6, 1627 dén 1691, va ong la nguoi cao tudi nhat trén cac banh xe Danh duy bén
ngoai tda nha & day, 6ng ta trén con dwong do - vi vay Robert Boyle da viét cubn sach
guan trong dau tién nay trong hdéa hoc New Experiments Physico-Mechanical: Touching
the Soring of Air (Cac thi nghiém méi Co-Li: Cham vao 10 xo khi). Vang, ban biét dinh
Luat Boyle, &p suat va thé tich thay déi nhu thé nao, khdng khi trong piston hanh dong
nhy mot 10 xo. Vi vay, PV 1a mot hang s6; dé 1a dinh luat Boyle. Vi vay, 6ng da phét
trién khoa hoc nay dwa trén mdt cong cu méi, dong co khi nén, duoc xay dwng bdi Robert
Hooke, ngudi ma ching ta da trich dan. Va cé mdt hinh anh clia bom khi & day voi céi
quay tay trén nd, vav.v... dé bom céc thir vao trong hay ra ngoai bong do6. M ot vai nam
sau d6 Hooke da viét cubn sach nay, Lectures, De Potentia Restitutiva, or of Soring (bai
gidng thé nang phuc hoi clia 10 x0), gidi thich sirc manh ctia cac 10 xo. Va day la 161 mé
dau clia cudn sach do. “Ly thuyét 10 xo, mac du d& dwoc ¢d ging nghién clru bai nhiéu
nha toan hoc 16i lac khac nhau ciia thoi dai nay cho dén nay van chwa cé cong trinh nao
dwoc xuat ban. Hién tai d& mudi tdm nam roi ké tir 1an dau tién toi tim rand, nhung thiét
ké no dé str dung cho mét muc dich cu thé nao do, t6i da bd qua no trong Ii thuyét dwoc
Xuét ban.” Vi vay, 6ng ta da gitr nd bi mat dé khdng ai c6 thé an cap y tudng. Ong ta hi
vong cd thé lam diéu gi vai 10 xo, mot KT thuat thic st quan trong ma 6ng ta co thé lam
V@i 10 x0? Cé mdt cudn trong 160 xo madng ay phu thudc vao.

Student: Flying.
Student: Pendulum clock.
Pong hod qua lac

Professor Michael McBride: A new kind of clock, one that could work better for
navigation. It was his spring that actually allowed Harrison, 100 years later, to win the
contest about making an accurate clock; some of you must know that story. So anyhow
he had been hiding this so it wouldn't be stolen. In fact, it was stolen by Huygens. So
"about three years since His Majesty was pleased to see the experiment that made out this
theory, tried at White Hall, and also my spring watch. About two years since | printed the
theory in an anagram at the end of my book on the description of helioscopes, viz." this.
So this is what he published at the end of this book on helioscopes, and that is an
anagram of how springs work, so that later he could prove that he knew it, if needs be,
but no one could stedl it in the meantime. And if you unscrambleit, it's” Ut tensio sic vis;
that is, the power of any spring isin the same proportion with the tension thereof. That is,
if one power stretch or bend at one space, two will stress at two, three will bend at three,
and so forward.” So here's his figure that shows that. That's Hooke's Law, the force law.
The force is proportional to the distortion. So here's his figure, and he's got plots of it



here. Ut tensio (as the extension) sic vis (so the force). So it's linear, the force is how
much you stretch it. And he has lots of different kinds of springs that do that. Here's this
clock kind of spring, a coil spring, just stretching a wire. So the force is proportional to
the extension. Or another way of saying it is, "The potential energy is proportional to the
square of the extension." So it's a parabola. So that's Hooke's Law, and that's where welll
take up next time.

Mot loai ddng hd méi, cai co thé lam viéc tot hon cho nghanh hang hai. D6 la 10 xo cla
ong &y thuc sw cho cho phép Harrison, 100 ndm sau dd, gianh chi én thang trong cudc thi
vé dong ho chinh xac; mot s6 ban phai biét cau chuyén do. Vi vay, du sao di nira 6ng da
gidu diéu nay, vi vay no sé khong bi danh cap. Trong thuc t& nd d & bi danh cip boi
Huygens. Vi vay “khoang ba nam ké tlr khi ditrc vua hai long khi xem céc thi nghiém giai
thich ly thuyét nay, dwoc thtr & White Hall, va cling la chiéc dong hoé 10 xo cla toi.
Khoang hai nam ké tir khi toi in Ii thuyét nay dwdi dang dao chir cai & cudi sach cua toi
ve viéc mo ta kinh soi mat trdi, nghia lacéi nay”. Vi vay, day la nhitng gi 6ng ta cong bd
& phan cudi cla cudn sach vé kinh soi mat tri, va do la mot phép dao chir cai ndi vé cach
thirc 1am viéc clia 10 xo, dé cho sau do dng ta c6 thé ching to rang 6ng biét nd, néu can
nhung khdng ai ¢ thé danh cép né trong khi chd doi. Vanéu ban phuc hdi nd, né 1a"Ut
tensio sic vis; nghia la si'c manh ctia mot 10 xo ti 1€ voi luc kéo. Nghia 13, néu mot strc
manh kéo cang hodc bé cong tai mdt khéng gian, hai sé cang & hai, ba sé udn cong & ba,
va cit nhv vay.” Vi vay, day la btc anh cta 6ng ta dé biéu dién diéu do. Do la Luét
Hooke, dinh luat vé lvc. Luc ti I& voi do bién dang. Vang, day la blrc anh cta 6ng ay, va
ong vé nhitng do thi ctia nd & day. Ut tensio (nhu luc cang) sic vis (nhu luc). Vi vay, n6
tuyén tinh, lyc la thwét do ban kéo cang nd ra bao nhiéu. Vaéng déaco rat nhiéu loai 16 xo
khéac nhau dé lam diéu do. Bay laloai dong ho 10 xo, mdt 10 xo cudn, chi can kéo mat soi
day. Vi vay, strc cang ti 1é thuan voi lvc. Hoac mot cach khac dé noi diéu do la, “Thé
nang ti 1€ véi binh phuong cuda strc cang.” Vi vay, no la mét parabol. Vi vay, do la dinh
luat Hooke , va d6 la noi chiing ta s ti€p tuc trong lan toi.



